Mycoplasma gallisepticum causes coughing, ocular and nasal discharge, reduction in feed intake, lower and uneven growth, decline in egg production and quality, and increase in mortality. Among the attenuated vaccination strains, MGF can reduce clinical signs and lesions in layer hens, stimulate immune responses of cellular and humoral basis, act as an instrument of competitive exclusion in relation to field strains, and reduce the use of antimicrobials. This study aimed to investigate the effects of attenuated MG F-strain vaccination on egg quality in 3 groups of 30 hens each, being one control and 2 vaccinated. Vaccination was applied by ocular route at 8 and 12 wk of age. Comparisons were made among unvaccinated hens; vaccinated at 8 wk of age; and vaccinated at 8 and 12 wk of age. There were no statistical differences in eggshell thickness and weight among groups. Eggs from twice vaccinated birds yielded a Haugh unit significantly lower than the other groups without affecting egg classification. There was no significant difference in ELISA results between the vaccinated groups.
INTRODUCTION
Mycoplasma gallisepticum (MG) is a pathogen of indisputable concern to the poultry industry by causing apparent or subclinical disease in chickens, turkeys, and other birds. Clinical manifestations of mycoplasmosis are coughing, sneezing, nasal and ocular discharge, reduction in feed intake, decline in production and egg quality, and increase in mortality (Bradbury, 2005; Nascimento et al., 2005) .
The diagnosis can be achieved by epidemiological information, serological monitoring, and by etiologic agent detection (Stipkovits and Kempf, 1996; Kleven, 2008) . The serum agglutination reaction (SAR) test, hemagglutination inhibition (HI), and ELISA are wellknown serology tools recommended by the governmental poultry health program in national territory (Brasil, 2001) . ELISA is a serological test quite specific, sensitive, and reproducible by the use of commercial kits available. It was developed from whole cells, broken cells, or immunogenic protein subunits from the MG C 2016 Poultry Science Association Inc. Received June 6, 2016. Accepted August 25, 2016. 1 Corresponding author: leandromachadovet@yahoo.com.br membrane, as the protein p64 (Ansari et al., 1983; Czifra et al., 1993) .
MG vaccination of laying hens and antibiotic therapy reduce losses due to drop in egg production and concurrent infections. There are on the market 2 groups of vaccines, i.e., inactivated and attenuated. Inactivated MG vaccines, i.e., bacterins, are not well accepted due to high cost and need of individual application by subcutaneous or intramuscular injection in poultry. Bacterins usually contain an oil emulsion adjuvant and can reduce the decline in egg production, although they do not prevent infection. Immune stimulating complexes may provide effective immunity without the tissue lesions but do not confer good antigenicity and vaccinal antibodies titters (Whithear, 1996; Feberwee et al., 2006; Kleven, 2008) . Attenuated vaccines stimulate immune responses by cellular and humoral bases and act as an instrument of competitive exclusion in relation to field MG strains (Cummings and Kleven, 1986; Whithear, 1996) . There are 4 live MG vaccine types available, i.e., F-Conn strain (MG-F), ts-11, 6/85, and MG-70. They can reduce a drop in egg production, although they are not able to prevent transovarial transmission (Carpenter et al., 1981; Glisson and Kleven, 1984) . Ts-11 vaccine can be administered via eye drops and can easily be combined with other respiratory viral vaccines. Ts-11 is less virulent and less infection and the immune response 976 is a dose-dependent variable during a long period. 6/85 strain is similar to ts-11 regarding virulence and infectivity; however, it can be administered via aerosol and the systemic immune response is not so desirable (Whithear, 1996; Kleven, 2008) . Among the attenuated vaccines, MG-F has a lower vertical transmission rate and displaces the more virulent strains of M. gallisepticum (Levisohn and Kleven, 1981; Kleven et al., 1990) . The response of MG-F vaccination is dose dependent inducing a strong serological response (Evans et al., 2009) . These vaccination can be administered in drinking water or by aerosol and has been used to displace strains in multiple-age flocks (Whithear, 1996) . MG-F can colonize the respiratory tract, induce a protective immune response, and persist for life in the vaccinated host (Nascimento et al., 2006) . The ts-11 and 6/85 strains induce a milder post-vaccination reaction than the F strain, produce a weaker serological response, and do not persist as long in the upper respiratory tract (Ley et al., 1997) . The F-strain-vaccinated chickens had the fewest and mildest air-sac lesions post challenge; the 6/85 and ts-11 groups had somewhat less protection against airsacculitis (Abd-El-Motelib and Kleven, 1993) .
The early administration of live vaccines may allow a pullet to be subjected to a mild infection and then recover before egg production is initiated (Yoder et al., 1984) , not affecting egg prodution and quality characteristics (Branton et al., 1997 (Branton et al., , 2000 . However, another investigation by Burnham et al. (2002) demonstrated that alterations occur in performance and egg characteristics of layers inoculated with MG-F at 12 wk of age.
Although there are studies on the association of MG-F with other attenuated vaccines and their relationship with the quality of the eggs (Yoder et al., 1984; Branton et al., 1997 Branton et al., , 2000 Burnham et al., 2002) , it is still uncertain the relation of the individual vaccination with F strain on the internal and external egg quality of hens. The aim of this study was to investigate the effects of vaccination with one and two doses of atenuated MG-F strain via ocular on egg production and quality.
MATERIALS AND METHODS
This experiment was conducted at a farm located in Cachoeiras de Macacu, RJ, Brazil, starting with 90 oneday-old chicks from SPF eggs hatched on site. During the experiment, the birds were housed in isolated experimental room units. The rooms measured 3 × 3 m, with brick walls, millimeter screen doors, and Polyvinyl chloride (PVC) lining under the roof. Feed and water were provided ad libitum throughout the experimental period with tubular feeders and bell-shaped drinkers. The feed formulation followed the nutritional requirements of the chicken lineage and each stage of rearing. No artificial light supplementation was provided. The experiment was authorized by permission number 155 from the Animal Care Ethic Committee of the Fluminense Federal University, Niterói, RJ, Brazil.
Experimental Design
A total of 90 leghorn chickens were used, being 30 birds per group. The experimental groups were: group 1 (control, not vaccinated); group 2 (hens vaccinated at 8 wk of age); and group 3 (hens vaccinated at 8 and 12 wk of age). The titers of the MG-F strain vaccine used was 7.0 × 10 7 colony forming unit (CFU)/mL ranged.
ELISA Serology
Blood samples were collected at 8, 12, 15, 20, 24, 27, 30, and 33 wk of age for ELISA serology. Approximately 2.0 mL of blood were collected from the brachial vein of each bird and the serum was kept frozen until MG ELISA (IDEXX, SP, Brazil) was carried out. The results obtained were considered positive when the optical density (OD) was equal to or higher than 0.2.
Egg Data
All eggs layed were collected in each group during one-week intervals at 24, 27, 30, and 33 wk of age. Six eggs per group were randomly selected from the last 3 d in each wk and analyzed for obtention of shell weight, shell thickness, and Haugh unit. Eggs were individually weighed on a digital scale with accuracy of 0.01 grams. After weighing, the eggs were broken and their contents (yolk + albumen) placed on a glass leveled flat surface and measured with a micrometer. The albumen height (mm) and egg weight were obtaineid for use in the Haugh unit formula (Barbosa Filho et al., 2006) . Eggshell thickness was evaluated by removing the inner membranes of the shell with a micrometer with accuracy of 0.01 mm.
RESULTS AND DISCUSSION
Serum samples from the chickens at 8 wk of age were negative for MG by ELISA, being the OD averages of 0,163, 0,172, and 0,174 for groups 1, 2, and 3, respectively. In addition, G1 serum samples up to 33 wk of age were also negative for MG. This means that neither chickens of all groups during the rearing period and chickens of the control group during the whole experiment were infected. At the twelfth wk of age, serological responses were still low and there was no OD difference among groups (P > 0.05). From the fifteenth week onward, differences in serological responses were detected. In G2 and G3 there were no differences between the OD means (P > 0.05). Serological responses were different (P < 0.05) between unvaccinated (G1) and vaccinated groups (G2 and G3). G2 and G3 had similar ELISA responses (P < 0.05), regardless of using one or 2 vaccine doses ( Table 1 ). The serological Table 1 . ELISA serologic response by optical density (OD) for M. gallisepticum F-strain in chickens unvaccinated or vaccinated once or twice according to age in weeks. response became significant after seven weeks from the first vaccination remainig upward until the 33 wk of age when the experiment ended (Table 1) .
There were no statistical differences in thickness or eggshell weight among the groups. The eggs produced by chickens vaccinated twice yielded Haugh unit (HU) values significantly lower than the other groups (Table 2) . A previous study regarding revaccination by Leigh et al. (2010) showed no statistical difference among HU scores when using MG 6/85 in association with the MG-F strain, compared to unvaccinated birds. The strain 6/85 in the first wk of age in association with MG-F at 22 to 45 wk of age causes less changes on henday egg production, eggshell strength and Haugh units due the milder serology of 6/85.
As in previous studies by Branton and Deaton (1985) and Branton et al. (1997) and Burnhan et al. (2002) , our results have not detected the influence of vaccination with MG-F in egg quality when vaccinated once and between 12 and 22 wk of age by eye drop. A second vaccination was able to negatively affect the internal egg quality, although the external quality was not changed. Peebles et al. (2008) also did not report changes in eggshell quality and albumen quality in layers inoculated by MG-F at 12 and 22 wk of age as well as in the study by Park et al. (2009) . The HU results among groups were greater then the minimum 72 required for table egg USDA (2000) .
CONCLUSION
Egg quality, as evaluated by HU, shell weight, and shell thickness, as well as serological responses of chickens, was not affected by either one-time vaccination only or by revaccination with the MG-F strain.
ELISA serological responses were evident after 4 weeks of MG-F vaccination, but became estatisticaly different only after 7 wk from the first vaccination. From the data reported in this study, it seems that there is little effect of double vaccination of layers with a MG-F strain when compared with single vaccination.
